Abstract-Detection of unruptured aneurysms is a major task in magnetic resonance angiography (MRA). However, it is difficult for radiologists to detect small aneurysms on the maximum intensity projection (MIP) images because adjacent vessels may overlap with the aneurysms. Therefore, we proposed a method for making a new MIP image, the SelMIP image, with the interested vessels only, as opposed to all vessels, by manually selecting a cerebral artery from a list of cerebral arteries recognized automatically. By using our new SelMIP viewing technique, the selected vessel regions can also be observed from various directions and would further facilitate the radiologists in detecting small aneurysms. For automated classification of cerebral arteries, two 3D images, a target image and a reference image, are compared. Image registration is performed using the global matching and feature correspondence techniques. Segmentation of vessels in the target image is performed using the thresholding and region growing techniques. The segmented vessel regions were classified into eight cerebral arteries by calculating the Euclidean distance between a voxel in the target image and each of the voxels in the labeled eight vessel regions in the reference image. In applying the automated cerebral arteries recognization algorithm to thirteen MRA studies, results of 10 MRA studies were evaluated as clinically acceptable. Our new viewing technique would be useful in assisting radiologists for detection of aneurysms and for reducing the interpretation time.
I. INTRODUCTION
N the last decade, approximately 15,000 people died of subarachnoid haemorrhage (SAH) in Japan each year [1] . Most of SAH arise from rupture of aneurysms [2] . Therefore, the detection and management of unruptured aneurysms are an important task for radiologists and/or neurosurgeons. A health check system named Brain Dock has been widely used in Japan for early detection of cerebral and cerebrovascular diseases. Magnetic resonance angiography (MRA), which is considered as a reliable method for early detection of unruptured aneurysms, is routinely employed in the Brain Dock for the screening of aneurysms. However, it is difficult for radiologists to detect small aneurysms in MRA images because of the overlapping of aneurysms and adjacent vessels on maximum intensity projection (MIP) image.
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In order to assist radiologists' in interpreting the images, several computer-aided diagnosis (CAD) schemes for detection of aneurysms in MRA images have been developed [3] [4] [5] . These CAD schemes can output the locations of candidates of aneurysms by analyzing some image features such as the size and/or the shape of candidates. Radiologists can, then, have a closer examination of the cerebral arteries in the vicinity of the candidates prompted by CAD systems. However, the current CAD systems have a miss rate of about 5%-10%. Those missed aneurysms are usually small in size, hence, are very difficult for the radiologists to find. In this paper, we propose a new viewing technique which will help radiologists in detecting small aneurysms. The technique takes on an approach in making a new type of MIP image, called the SelMIP image, with interested vessel only, as opposed to all vessels, by manually selecting a cerebral artery from a list of cerebral arteries. By using our new viewing technique, the selected vessel region can also be observed from various directions, making small aneurysms easy to visualize.
II. MATERIAL
Thirteen MRA studies were selected for the evaluation of the proposed method and an additional MRA study was included as the reference. All the MRA images were acquired on a 1.5 T magnetic image scanner (a Signa Excite Twin Speed 1.5T; GE Medical System, Milwaukee, WI) in the Gifu University Hospital (Gifu, Japan) and were obtained by use of a 3D time-of-flight technique. Each MRA study includes 50 to 140 slice images. The slice images have a fixed size of 256 256 pixels and the size of the pixels ranges from 0.625 mm to 0.78 mm. The thickness of each slice is in the range of 0.5 mm to 1.2 mm. Based on the original MRA slice images, isotropic volume data was generated using linear interpolation. The size of each 3D volume image was Vessels segmentation and image registration were first performed. Vessels in the 3D target image were segmented using the thresholding and region growing techniques while registration of the 3D target and reference images was performed using the global matching and feature correspondence techniques. Recognition of each of the cerebral arteries was based on the Euclidean distance measure between the labeled arteries in the 3D reference image and the segmented vessel voxels in the 3D target image.
B. Segmentation of vessel region
For segmentation of the vessel regions in the target image, the linear gray-level transform was applied to the 3D MRA image so that the minimum voxel value became zero. Using the cumulative histogram, voxels above the 99% margin were assigned to have a maximum value of 1024. After the linear gray-level transformation, vessel regions were segmented from the background by using the gray-level thresholding method with a threshold level of 700, which was selected empirically. Using this method, large vessels were segmented successfully. However, it is difficult to segment small vessels because the voxel values in small vessel regions were low. Therefore, we used a region growing technique to segment small vessel regions. The segmented large vessel regions were used as "seed" points. Neighboring voxels with values greater than 500 were appended to the seed points.
C. Global matching
For global matching, the target image was shifted to align with the reference image based on the segmented vessel regions. The translation vector, which corresponds to the shifting of the target image in the x, y, and z directions relative to the reference image, was defined so as to maximize the overlapping area of the vessel regions in the target image and the vessel regions in the reference image. Fig.3 indicates the efficacy of the global matching. Fig.3 (a) shows the superposition of the MIP image of the reference MRA study onto the MIP image of the target MRA study before global matching. Fig.3 (b) shows the result after global matching. 
D. Feature correspondence
After the global matching, the rigidity transformation was used to achieve a more accurate matching between the 3D target image and the 3D reference image. Template matching was used in determining the coordinates of corresponding points in the rigidity transformation. The similarity measure was determined by the normalized cross-correlation value, C , between the reference image and the template and is given by
where
The size of the template . The normalized cross-correlation value indicates the resemblance between the reference and the template. If the images A and B are identical, C will take on the value 1.0. Twelve templates were located manually in the cerebral region of the reference image. Fig.4 (a) shows the central points of twelve templates as white dots. The search area associate with each template in the target image was of size 41 41 41 . A set of coordinates of the corresponding points between the reference and the target image was determined by finding the largest cross-correlation value. Fig.4 (b) shows twelve corresponding points in the target image. 
E. Rigidity transformation of target image
By using a set of corresponding control points obtained by the template matching, we determined the translation and rotation vectors between the two images for the rigidity transformation. Let the translation and rotation vectors be denoted by T and R , respectively. P and represent the corresponding points in the reference and the target images, respectively. Assuming the coordinates of the corresponding points in the images after global matching are , the relation between corresponding points in the images can be written as
The translation vector T and the rotation vector R can be determined by minimizing
An efficient algorithm has proposed for determining T and R [7] . In this algorithm, the rotation matrix is obtained first by minimizing
, and P and p are the centers of gravity of the control points in the reference and target image, respectively. Then, knowing the rotation matrix, the translation vector T is determined from Rp P T .
(5) For calculating the closest corresponding point pairs, we used the iterative closest point (ICP) algorithm [8, 9] . The ICP algorithm has two stages and iterations. In the first stage, the set of corresponding points was transformed by using the rigidity transformation of Eq. (2). In the second stage, the closest corresponding point pairs were identified once again. The algorithm terminated when the change in mean square error between iterations fell below a defined threshold.
F. Classification of cerebral arteries
After the rigidity transformation, all voxels of the segmented vessel regions in the target image were classified into eight cerebral arteries. Classification was based on the Euclidean distance between a voxel in the target image and a voxel in the labeled eight vessel regions in the reference image, i.e.,
The label yielding the minimum Euclidean distance was considered to be the result of classification. However, a few small regions were not classified correctly, because a part of vessels run in the various directions. Thus, these small regions were classified again into the label surrounding the region, when the size of region was below a defined threshold.
IV. CLASSIFICATION ACCURACY OF THE ARTERIES
To evaluate the quality of the automated cerebral arteries classification results, subjective rating of the recognized arteries was performed by a Medical Physicist (M.Y.) using a three-point scale as described in the following. 1 (poor): most of the cerebral arteries are not well recognized; 2 (adequate): most of the cerebral arteries are well recognized but with some minor registration errors; 3 (good): all cerebral arteries are perfectly recognized. The results of the subjective evaluation were that 8 cases were rated 'good', 2 were rated 'adequate', and 3 were rated 'poor'. The results rated 2 or 3 are considered acceptable and would be adequate for clinical use. Overall, the segmentation and classification of cerebral arteries in 76.9% (10/13) of the MRA studies attained a clinically acceptable result. 
V. THE SELMIP IMAGE
After the recognition of individual cerebral arteries in a MRA study, the SelMIP image can be generated. The SelMIP image is a MIP image with only the interested vessels, rather than all vessels, displayed. The interested vessels are manually selected from a list of eight cerebral arteries recognized using the above described procedure. In the SelMIP image, values of all voxels in the vessel regions other than the selected vessels are set to zero. Fig.6 shows an example of a SelMIP image. Fig.6 (a) and (b) indicate the conventional axial and sagittal MIP images, respectively. As shown in Fig.6 (b) , it is difficult to detect small aneurysms in the conventional sagittal MIP image because of the overlapping of the vessels. Figs.6 (c) shows the MIP image in (b) with the classified arteries shown in different colors. Fig.  6 (d) shows the SelMIP image with only one artery (right MCA) selected and displayed. By using the SelMIP image, it is easy to identify small aneurysms. In addition, SelMIP images of views other than the standard sagittal, coronal and axial views can be generated. The additional views can be useful to radiologists in closer examination of the vessels and/or aneurysm candidates in difference viewing directions. 
VI. CONCLUSION
We developed a new viewing technique for the detection of small aneurysms based on the SelMIP images. By using the automated cerebral arteries recognition algorithm presented in this paper, it is easy to make the new SelMIP image consisting of the interested vessels only, rather than all vessels, by manually selecting a cerebral artery from a list of eight. With the new SelMIP image, radiologists can also observe the interested vessels from various directions, visualizing the vessels and aneurysms from views other than the standard sagittal, coronal and axial views. The proposed new viewing technique would be useful in assisting radiologists in detecting aneurysms and in reducing interpretation time.
